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SITRORVCTIOX 

the  analysis  of  loads  imposed  on  airplanes  due  to  gust*  and  the  establishment 
of  applicable  design  criteria  has  had  a  long  and  complex  history.  Simplifica¬ 
tions  that  were  made  during  the  middle  1930's  led  to  the  use  of  the  •sharp- 
edge-gust  formula”  and  an  ’’effective  gust  velocity*  based  on  the  response  of  a 
standard  airplsae.  After  Vtorld  War  II  it  was  evident  that  this  concept  W& 
becoming  obsolete,  particularly  with  the  advent  and  widespread  use  of  tech¬ 
niques  for  analysing  the  dynamic  response  of  specific  designs  to  actual  lead¬ 
ing  conditions.  This  required  &  definition  of  "true*1  gust  velocities  and 
shapes  for  use  in  such  analyses.  Such  a  definition  was  aceoeg>li8hed  several 
years  ago.  A  thorough  description  of  the  history  leading  to  the  change  and  the 
basis  of  current  methods  of  analysis  is  given  in  references  (a)  and  <b).  These 
reports  list  almost  every  pertinent  reference  in  the  field  of  gust-loads 
analysis.  References  (e*%  f  d) ,  and  Ce)  are  also  of  interest.  Gust  leading 
conditions  for  airplanes  now  specified  in  Bureau  of  Aeronautics  Specification 
MIL-A-8629{ Aer) ,  reference  If},  are  based  on  the  new  method  described  in 
reference  (a). 

The  determination  of  gust  loads  on  airship  fins  has  also  made  use  of  the 
effective  sharp-edge-gust  coneep1,  with  values  of  design  gust  velocity  chosen 
more  or  less  arbitrarily  from  airpiane  experience  and  model  tests.  It  has 
become  of  interest  to  apply  the  new  methods,  which  were  developed  for  air¬ 
planes,  to  the  analysis  of  airship  fin  loaas  caused  by  gusts.  Therefore,  the 
purpose  of  this  etudy  i  i  to  determine  the  response  of  eirshipe  subjected  to 
gusts,  considering  the  airship  as  a  two -de^e-of- freedom  system  and  consider¬ 
ing  the  lift-lag  effects  on  the  aerodynamic  forces  induced  in  the  fins. 

Various  primary  parameters  are  varied  to  determine  the  significance  of  thsir 
effects.  Also,  the  effects  on  the  hull  of  gusts  that  are  critical  for  the  fins 
was  investigated. 
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DEFIMTfOn  OF  SYMIOLS 


Symbols  are  defined  in  the  order  in  which  introduced  into  the  analysis. 
Fk  »  aerodynamic  force  on  hull 
-  aerodynamic  moment  on  hull 
F*  =  aerodynamic  force  on  tail 
M  =  mas  of  &i  rship 


X  -  motoent  of  inertia  of  airship 

A  -  transverse  apparent  mess  factor 

Jb*  -  rotational  apparent  mass  factor 

r  =  radius  of  gyration  of  effective  airship, 

2  =  vertical  translation  of  tail 

2  =  vertical  translation  of  hull  c.  g. 

Q  -  pitching  rotation  of  hull  c.g. 

/  =  distance  from  c.g.  to  aerodynamic  center  of  tail 
surface  (i-chord  point) 

Lj,-  lift  due  to  gust 

Lm=  lift  due  to  disturbed  motion  of  tail 

^  =  air  density 

V  =  forward  velocity 

S  =  area  of  tail 

ffs  =  glope-of-lift  curve  of  tail  baaed  on  aspect  ratio 
including  projected  area  across  hull  between  fins. 

U/j,  =  variable  gust  velocity,  normal  to  flight  path 

U  =  Maximum  gust  velocity 

(PG)=  unsteady-lift  functi^  giving  the  growth  of  lift  on  a 
finite-span  surface  subjected  to  a  sharp-edge  gust. 
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METHOD  OF  ANALYSIS 
A.  Establ  Uhment  of  Equations  of  Motion  * 

The  basic  simplification  that  is  made  in  this  analysis  is  to  separate  the 
effect  of  the  gust  on  the  fins  from  its  effect  on  the  hull.  Later  it  is  shown 
that  the  effect  on  the  hull  is  small  enough  to  justify  this  assumption.  One 
reason  for  this  is  that  the  spatial  extent  of  gusts  most  critical  for  the  fins 
is  small  relative  to  the  length  of  the  hull.  However,  changes  in  total  lift 
and  moment  acting  on  the  hull  due  to  changes  in  angle  of  attack  or  yaw  will  be 
included. 

The  airship  will  be  represented  by  a  simplified  system  shown  by  the  following 
Me  etch: 


The  coordinates  of  the  hull  c.g.  are  taken  as  0, 2  and  the  coordinates  of 
the  tail  are  taken  as  £t9  M  .  The  usee  and  moment  of  inertia  of  th£  lumped 
mum  is  taken  to  include  the  actual  hull  apparent  mass  factors.  The  aero¬ 
dynamic  behavior  of  the  tall  surface  is  assumed  to  be  concentrated  at  the 
aerodynamic  center.  The  gust  ia  taken  to  act  only  on  the  fins. 

The  e$.*tions  of  motion  for  this  system  are: 

F*  +  Ft  *  i 

*  Fti,~  IOi-A')e 
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By  geometry, 
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■t  zt$ 


Z  -  I  f  JL 


Substituting  (2)  into  (1),  and  eliminating 


from  the  first  equation. 


f4Vf,  ■  o+At)(M)(i  -  ML  . 


zJL  ) 

*lr  / 


Mk  +  Ft  lt  *  (i  +  Jk')1 6 


Introducing  the  radius  of  gyration  of  the  system,  including  apparent  mass 
factors,  the  equations  of  motion  can  be  reduced  to 

(i  +  At)  M  2  *  Fh  +  (l  ^ 

(i  4*  *k'}T  &  =  Mfc  *+*  Pt 

It  is  now  necessary  to  define  the  aerodynamic  forces  in  these  equations. 

rt  *  Lj  +  Lm 

L|  5  Lift  due  to  the  gust  directly 

Lm~  Lift  due  to  the  disturbed  motion  of  the  tail  caused  by  the  gust 

Fk  »  Lift  on  airship  hull  due  to  change  in  angle  caused  by  the  gust 
acting  on  the  tail. 

=  Moment  on  airship  hull  due  to  change  in  angle  caused  by  the  gust 
acting  on  the  tail. 

Prior  to  encountering  ihe  gust,  the  airship  is  assumed  to  be  in  equilibrium. 
Angular  changes  due*  to  the  gust  are  measured  from  the  initial  position,  which 
can  therefore  be  taken  to  be  aero.  and  L^  juusi  be  determined  by  introducing 
appropriate  lift-lag  functions  into  Buhamel  integrals  in  order  to  determine 
the  accumulated  lift  at  any  timatfiile  the  angle  of  attack  is  varying.  Furtner 
background  on  this  step  is  given  in  reference  (ci,  pages  262-265. 
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Lt  =  /V  ~ 

$>  ($ -cr)*L  [9(<r)  +  it®]  J,- 

Fh*  CLifV*sh*  &jrpv*skec t) 

Mh *  cwl^v‘5hiA» 

ite)  and  #<S)  are  the  respective  functions  which  describe  the  build-up  in 
lift  and  occurs  on  an  airfoil  penetrating  a  unit  sharp-edge  gust  end  an  air¬ 
foil  experiencing  an  instantaneous  unit  change  in  angle  of  attack.  Putting  all 
of  these  expressions  for  the  aerodynamic  forces  into  the  equations  of  motion 
gives  the  f‘ol lowing; 

0+Jkt) Mir  -  d&£f\/%e(t)  +  i&Ljj .f>\t\h£e(t) 

+  i:  fV'Sm  ( 14  f  ‘(3-<r)  %—Jr 

-J  <t>  (*-*■)£.[?<•)  +  ~jjr| 

*  J  t 


-  6  - 


Contract  No.  NGas  51-705-c 


Report  No.  E-ll* 


Since  the  lift- growth  functions  depend  on  the  distance  rather  than  the  time 
travelled,  the  equations  of  motion  are  transformed  to  make  distance  the 
independent  variabl e. 

Let  *-6K)  tj  the  distance  travelled  in  half-chords  of  the  fin.  f 

ds  -  (~)dt 

i  =  ii  =  jz  ,*±  *  z'(Q) 

Z  *  (7) 

Similarly, 

a  =  »W) 

e  ~  e"^)* 

Putting  these  expressions  into  the  equations  of  motion,  solving  for  x”  and  0", 
and  simplifying. 


c*  6(s) 

Tmmammmmmm mmmm 

0+4,)»A 


(8) 
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&%(*■) 


J(T 


J*4  (S  -  <r)ji  [e(V)  4-  ■§•  Z  YO]  <J  <rj 


Constants  can  now  be  defined  as  follows: 

|V  I  C 

*•  ~ 

K,  =  K/  K*  ic 


_  2r»+^.)MA( 


cVi, 


4*1 


h  r 


K«  = 


4/*. 


t/  .  ^ fl  +  4|)M/5k 

*  mT*-*tZ c 

'  0+£)f>  cm 


k4  *  ~~  *  A 

4  V*  r* 


2ri44)M/^ 

f  c  m 


Using  these  constants,  the  equations  of  motion  can  now  be  stated  more  simply 
in  the  following  manner:  ^ 

z V*)  -  K,  sfr)  +  K ,  {/  p  V*  -  *3-^?  jr 

"/ $(s-r)j^  [&(r)  +  ■§■  zV/jiA 


(10) 


e"(s;  *  K*  d(S)  +  K*  ff  y  Vs  -  <r)  d  <r 


*  /  J  fs  -  <r)  [«  (r)  +  *§  Z  'l 
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THESE  TV*)  EQUATIONS  REPRESENT  THE  BASIC  MATHEMATICAL  STATEMENT  OF  THE  18  STICK- 
FIXED"  CONDITION  OF  THE  AIRSHIP  ENCOUNTERING  A  GUST. 

Certain  simplifying  assumptions  can  be  made  to  expedite  solution  of  these 
equations.  First*  consider  only  the  terns  with  the  braces.  In  the  first 
integral,  let  Ut  a  constant,  or  sharp-edge  gust.  Solutions  obtained 

for  a  sharp-edge  gust  can  be  used  to  obtain  a  response  for  any  gust  profile, 
using  the  Duhamel  integral.  In  the  second  integral,  can  be  assumed 

to  be  unity  since  the  aspect  ratio  of  airship  tail  surfaces  is  generally  very 
low.  This  means  that  the  initial  lift  due  to  an  instantaneous  change  in  angle 
of  attack  is  about  70%  of  the  steady-state  lift,  to  which  it  converges  in  lees 
than  three  chord  lengths.  With  these  assumptions,  the  integrals  are  treated 
as  follows: 

=  %ff(s-r)U  ffs) 

°  f  •  (11) 

J' p(s  -  <r)jfo(<r)  +  f-2  Y<r)  ]  d  r  *  Q(*}  +  m'Os) 

0 

Equations  (10)  therefore  become 

H “ft)  -  K, »(t)  +  K,[%f(s)-a<i)- §z'(s)]  (ib 
e“(s)  *  k,  e(s)  +  K,[^y»fs)-e6)--|z'fs)] 

The  equations  of  motion  are  now  in  &  suitable  form  for  solution,  but  before 
proceeding  with  this,  the  next  section  will  establish  the  function  p($) 
that  will  be  used. 

3.  ttnstsedy-1 ift  Functions  - 

The  exact  form  of  the  lift- growth  functions  for  an  airfoil  subjected  to 
sudden  changes  in  angle  of  attack  or  penetrating  gusts  is  dependent  on  the 
aspect  ratio.  Extending  previous  work  by  Wagner  and  Kussner  on  the  infinite- 
aspect- ratio  wing,  Jones  solved  the  problem  for  the  finite- aspect-ratio  wing 
in  reference  (g).  Figure  1  was  prepared  from  data  given  in  reference  (g)  for 
aspect  ratios  of  3,  6,  and  infinity.  The  limiting  case  for  an  aspect  ratio 
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of  zero  is  shown  by  the  empirical  dotted  curve,  wherein  the  lag  effect  is 
considered  to  be  due  only  to  the  penetration  of  the  full  chord  length,  the 
function  $(&)*  i  '*•  d  ’1  \m»  selected  as  a  simple  approximation  applicable 

to  the  range  of  aspect  ratios  from  1  to  2.  This  simple  form  of  the  function 
facilitates  numerical  solution  of  the  equations  later. 

C.  Solution  of  Equations  - 

The  equations  of  motion  are  now  in  a  form  that  can  be  readily  solved  by  use 
of  the  Laplace  Transform.  While  it  is  poseible  to  solve  the  differential 
equations  directly  for  x(s),  it  is  much  easier  to  solve  for  sNs)  directly 
and  then  integrate  numerically  to  obtain  x'(s)  and  2s(s).  Referring  to 
p agree  14,  294,  and  295  of  reference  f  h ) ,  the  following  operations  can  be 
written: 

z*0>)  Z  {«'«}-  e*(» 
2{z'ft)}  T'(f)  Z{e Vs)}  -  J  5  "(p) 

Z{z(s)}  g{9(s)}  =  y.S'Cp) 

ar{  f «}  -  acp  - «-}  •  7  -hr  -  RFo 

Introducing  these  transforms  into  equation  (12)  leads  to  the  following 
algebraic  simultaneous  equations’ 

2 V  -  5>) .  S*fP)] 

(14) 

§'(P)  -  JSt^Ss.  3'<j«>  <•  -  j&  !»] 
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pc 


^  SYfO 


v  (p(p*o) 


4£  a»  +■  D-  ^]e'(P)- 


(15) 


Eliminating  5w(p)  and  solving  for^tp), 


v  VCftO 


?P)  -  K  Uf  P*  +  4(K,K<>-KtKJ)  ) 

5  vl  [p’+  5|»  p*  +  (K«  -  Kf)p  +f  (MQ-I Wfrilf 


(16) 


Let  N(p)  and  Q(p)  functions  be  defined  as  follows: 


N(p) 


Mxy 


M, 


(17) 


Q.(f>)  =  (p»  + M, f*  ♦  M4p+ M,)(p+i) 


where 


M,  * 
Mt  * 
M,  * 

M«  = 

Mr  * 


^3 

Ki  ^4  “  Kj,  Ks 
2  Kj 

C 

K4  -  Kt 


(18) 


If  the  polynomial  Q(p)  i r,  now  assumed  to  be  completely  factored,  it  will 
appear  in  the  form 

Q(p)  ®  (p- ®.)(”p- OaVp-S.lCr-H) 


(19) 
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Using  Heaviside’s  Partial  Fractions  Expansion  (see  Section  16  of  reference 
(h>),  the  inverse  transform  can  be  readily  obtained,  so  that  the  solution  for 
£w ( 8 )  can  be  stated  in  the  form. 


2#(s)  *  K,7{| 


H(%) 

QM 


eM+- 


m i 

Q»C%) 


e''*+ 


M$8al 

*(*,) 


1 


(30) 


In  this  form  it  must  be  noted  that  (Bn)  is  defined  as  the  number  (which 
may  be  complex)  resulting  from  substituting  p  =  Bn  into  all  the  factors  of 
Q(p),  but  omitting  the  factor  (p  -  Bn),  which  is  zero. 


The  solution  for  8”(s)  can  be  obtained  in  a  similar  manner,  but  is  not  carried 
through  here  because  zw(s)  is  the  pertinent  variable  that  determines  the 
structural  loads  acting  on  the  airship  fins.  The  solution  for  *"(s)  can  be 
put  into  non-dimensional  form  by  dividing  by  the  simple  solution  that  would 
be  obtained  if  lift-lag  effects  were  neglected  and  the  fins  were  assumed 
constrained  from  moving  in  the  direction  of  the  gust. 


Acceleration  = 


" Constrained- fin"  force 
Effective  mass 


±  f  V*5  m  % 

WO  ■><*«} 

Wf) 


Transforming  s(t)  to  zn(s)  requires  multiplying  by  m  ,  and  dividing  all 
of  this  into  equation  (20)  gives  the  non-dimensional  response  factor  to  a 
iharp-edge  gust. 


All  of  the  factors  outside  the  summation  cancel  nicely  to  unity,  leaving  only 
the  summation  as  the  non-dimensional  response  factor,  A(s).  With  this 
factor  tne  response  to  any  gust  can  now  be  obtained  using  the  Duhsmsl 
integral. 
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R  (S)  =  y  '(r)  A  (s-<r)d<r 

$ 

where  w£(s)  is  the  derivative  of  the  gust  velocity  distribution.  The  1  •- 
cosine  gust  will  be  used  in  the  following  form: 

^  (S)  =  j  (  I  -  cos  ill ) 

Uj'(s)  -  sin 

Substituting  this  expression  into  the  Duhamel  integral  yields, 

RfS)  =  J'siniZS  ACs-flr)d<r 

O 

This  is  readily  solved  by  numerical  integration.  The  calculating  procedure 
is  explained  in  the  numerical  example  of  a  typical  case  given  in  Appendix  A. 


0.  Parastler*  - 

The  basic  parameters  involved  in  the  solution  of  this  problem  are  given  by 

equations  (9)  and  are  restated  here. 

t  C 


K, 


Kt 


k4 


S' 

K,  +■  K2  1% 

JL  .  A 
r* 

-SL 

S' 

IS* 

£.  . 

r* 

s 

f « 

f  c  4Cm/jK 

an+-^nM/s 


«  a  (<*<*»)  M/s 

f  c  tn 


Data  was  obtained  from  the  Bureau  of  Aeronautics  for  a  representative  group 
of  airships.  Values  for  apparent  mass  factor,  when  none  were  given,  were  taken 
from  figure  2,  based  on  Art.  155  of  reference  (i). 


-  13  - 


'"'♦4.4 


. .  ■  —  . . . . . .  ■? 


Contract  Mo.  MOt*  56-m-c  Report  Me*  E-l  IM 


In  order  to  obtain  values  for  and  *5^  for  the  airship  hulls, 

aerodynamic  data  available  for  bodies  of  revolution  in  references  fj),  (kb, 

(1),  and  (m)  were  analyzed.  Figure  3  presents  curves  of  versus  oc  for 
various  fineness  ratios.  YUues  of  CL  ,  based  on  maximum  cross-sectional 
area,  are  seen  to  be  roughly  in  proportion  to  the  fineness  ratio,  or.  in  other 
words,  the  total  value  of  lift  is  roughly  proportional  to  the  pi  an  form  area. 
Although  the  correlation  is  not  considered  especially  good,  it  is  shown  later 
that  the  effect  of  aerodynamic  terms  is  quite  small  and  it  therefore  suffices 
to  take  average  values  based  on  Figure  3,  Also,  linear  approximations  to 
these  curves  were  taken  by  using  the  secant  values  through  oc  =  0  and  10°. 

Based  on  the  available  data,  ***  taken  as  0.015/ degree  aW  a  fineness 

ratio  of  4,24,  In  a  similar  manner,  was  taken  to  be  0.003/degree  1 

for  a  fineness  ratio  of  4,24,  For  other  fineness  ratios,  these  values  were 
adjusted  proportionately. 

Values  of  the  basic  parameters  r  motions  in  the  X-Z  plane  are  listed  in  the 


following  table 

for  four  different 

types  of  airships: 

AIRSHIP 

iSSG-4 

ZS2&-1 

ZPCr-2 

ZR~3 

Fin 

Arrangement 

■+* 

A 

X 

( Los  Angeles) 
■+■ 

19.4 

14.6 

17.8 

13.7 

34 

122.9 

91.7 

112.8 

86.8 

'• 

5.63 

5,44 

5.60 

7.26 

22.8 

21,4 

27.4 

40.0 

*i 

1.06 

1.67 

1.64 

3.31 

.00629 

.0110 

.00750 

.00740 

*3 

1.68 

2.28 

2.04  * 

2.34 

*4 

.0123 

.0168 

.0122 

.00686 

N01S:  Fores. 

on  the  tail  and, 

therefore. 

the  above  parameters  are 

based  on  the  exposed  area  of  the  fins. 

The  values  given  in  this  table  and  certain  variations  of  them  were  used  in 
computing  &  series  of  numerical  examples  to  illustrate  the  effects  of  gusts 
auid  the  importance  of  different  parameters. 
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DISCUSSiOtt 

Using  the  method  of  analysis  and  parameters  presented  in  the  previous  section, 
a  aeries  of  numerical  examples  were  computed.  The  first  objective  ms  to 

determine  the  basic  nature  of  the  airship  response  and  the  sire  of  gust  which 
produced  maximum  peak  accelerations.  The  2S3-4  airship  was  used  for  this 
purpose.  The  cad culated  response  to  a  sharp-edge  gust  is  shown  in  Figure  4; 
this  was  used  to  compute  peak  acceleration  responses  to  1  -  cosine  gusts  of 
various  lengths.  These  results  are  shown  in  Figure  5  and  indicate  that  a  gust 
with  a  total  length  of  about  six  half-chords  can  be  taken  as  critical,  that 
is,  the  shorbest-length  gust  near  peak  response*  A  time  history  of  response 
to  this  gust  is  shown  in  Figure  6.  The  significant  result  sho»*i  by  these 
curves  is  that  peak  acceleration  occurs  very  shortly  after  the  gust  peak, 
which,  for  a  typical  forward  speed  of  52.5  knots  (chosen  to  give  an  even  time 
scale),  is  of  the  order  of  0*4  seconds  from  the  beginning  of  any  perceptible 
displacement  or  motion  of  the  fins.  It  therefore  appears  that  there  cannot 
be  any  significant  pilot  response  at  the  time  of  peak  acceleration  caused  by 
the  gust.  After  a  second  has  elapsed,  however,  velocities  and  displacements 
become  very  large,  and  it  is  certain  that  pilot  response  will  begin  to  affect 
the  airship  motions  at  this  stage. 

Also  shown  on  Figure  6  is  the  response  calculated  with  the  hull  aerodynamic 
terms  entirely  omitted.  It  is  evident  that  the  effect  of  thip  change  is  very 
small,  and  justifies  the  linear  approximation*  developed  previously  for 
«Y*.  and  It  would  really  be  justified  to  omit  then  in  all 

remaining  analyses,  but  they  were  included  because  it  involved  virtually  no 
additional  effort  in  the  computations. 

The  next  objective  to  the  program  was  to  ascertain  the  extent  to  which  the 
airship  was  affected  by  the  action  of  the  guat  directly  on  the  hull.  The 
method  of  analysis  for  this  condition  is  described  in  Appendix  B.  Results 
are  shown  on  Figure  7  for  the  2S2G-1  airship  for  repeated  and  isolated  gusts 
equivalent  to  the  three-chord-length  gusts  found  to  be  critical  for  the  fins, 
and  for  six-chord-length  gusts.  The  curves  shown  are  based  on  a  true  gust 
velocity  of  50  feet  per  second.  *  It  is  evident  that  the  pitch  angle  caused  by 
the  gust  travelling  over  the  length  of  the  hull  is  small.  The  case  of  great¬ 
est  interest,  the  isolated  2.5-chord  sinusoidal  gust,  produces  a  pitch  angle 
of  about  1.6  degreea.  The  fin  is  therefore  subjected  to  an  increment  of  load 
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due  to  this  pitch  angle  in  addition  to  the  angle  of  attack  induced  directly 
by  the  gust.  This  latter  angle  is  of  the  order  of  20  degrees  for  a  50  foot- 
per-second  gust,  so  that  the  effect  of  the  gust  on  the  hull  is  less  than  10 
percent.  A  gust  of  twice  the  length  produces  angles  up  to  2,8  degrees,  but 
this  will  be  offset  to  some  degree  by  the  lower  fin  response  and  the  effect 
of  pilot  correction.  The  effect  of  the  gust  on  the  hull  is  therefore  seen  to 
be  significant  enough  to  be  considered  in  any  refined  analysis  of  a  specific 
design,  but  is  small  enough  to  justify  the  original  assumption  that  the  effect 
of  the  gust  on  the  fins  can  be  treated  independent  of  the  hull.  For  overall 
design  criteria,  this  effect  could  be  reasonably  taken  into  account  by 
choosing  a  design  gust  velocity  about  10%  higher  than  the  actual  limit  con¬ 
sidered  applicable. 

The  third  and  primary  objective  to  the  program  was  to  determine  the  signifi¬ 
cance  of  the  various  airship  parameters.  In  particular,  it  is  of  interest  to 
establish  whether  or  not  the  parameter  can  be  considered  the  basic  one, 

since  it  is  directly  analogous  to  the  airplane  mass  parameter  that  establishes 
airplane  response  to  gusts.  This  point  is  actually  somewhat  academic,  since 
airships  are  all  so  similar  in  general  design  that  there  is  net  much  variation 
in  the  parasteter*.  However,  in  order  to  see  the  effect  of  a  radical  change  in. 

three  numerical  examples  were  eo^uted  starting  with  the  basic 
characteristics  of  the  ZS2G-1  airship.  In  the  first  example,  the  moment  of 
inertia  was  arbitrarily  increased  tenfold;  in  the  second  example,  the  moment 
of  inertia  was  restored  to  normal  and  the  fin  area  was  reduced  to  produce  the 
'  in  the  tblrd  ^le'  the  the  mm 

,  Moment  of  inertia  appears  in  the  parameter^^  only,  fin  area 
appear*  in  and  ,  and  mass  appears  in  all  four  parameters,  , 

,  and  ,  therefore,  this  appears  to  cover  the  range 

of  possible  variations.  Time  histories  of  acceleration  responses  art  shown 
on  figure  8, 

finally,  the  peak  acceleration  responses  computed  for  the  various  case*  are 
plotted  as  a  function  of  v*e  in  figure  9«  Also  shown  is  the  pis Isclor 
curve  for  airplanes,  as  given  in  reference  it),  for  comparison.  It  can  be 
seen  that  the  behavior  ie  similar,  except  that  airship  responses  are  higher 
because  lift-lag  effects  for  the  low-aspect-ratio  tail  surfaces  are  less 
pronounced  than  for  airplane  wings.  It  is  considered  that  figure  9  could 
form  the  basis  for  a  new  design  gust  criterion  for  airship  fins. 
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Some  flight-teat  data  from  instrumented  airships  obtained  by  the  Aeronautical 
Structures  Laboratory!  Naval  Air  Material  Center,  m&  investigated  to  see  if 
there  was  any  experimental  verification  of  type  of  responses  shown  in  this 
report.  Unfortunately,  the  records  available  were  intended  for  a  different 
purpose,  so  that  the  relatively  high-frequency  loads  caused  by  gust  loads  on 
the  fins  could  not  be  detected.  I  See  Figure  101  One  thing  that  the  records 
did  bring  out  is  that  large  amounts  of  control -surface  deflection  from  one 
extreme  to  the  other  were  constantly  being  applied,  the  airship  is  basically 
unstable  and  response  to  control  application  has  such  a  lag  that  the  pilot 
tends  to  apply  control  in  discrete  increments  as  soon  as  he  detects  a  pitching 
velocity  and  then  waits  to  see  th<»  effect.  This  means  that  full  throw  of  the 
controls  is  often  applied  and  held  for  period  i  as  long  as  five  seconds.  In 
continuous  turbulence  this  would  certainly  mean  combinations  of  critical  gust 
loads  with  maximum  control  position. 

The  control -surface  motions  appeared  to  be  far  more  active  than  warranted  by 
the  fairly  mild  variations  of  pitch  attitude.  Close  examination,  however, 
revealed  that  control- surface  notion  was  closely  correlated  with  every  de¬ 
tectable  change  in  pitch  attitude.  Most  of  the  pilot's  work,  therefore,  is 
making  corrections  for  small  disturbances.  Ihis  suggests  that  a  gust- 
alleviating  device  could  be  quite  promising  as  a  means  for  improving  flying 
qualities. 

It  would  be  of  great  value  to  obtain  more  d-.ta  from  instrumented  airship® 
flying  in  turbulent  air.  The  inotrumentation  should  be  set  up  to  detect  and 
record  the  types  of  critical  gusts  indicated  by  the  analysis.  It  is  recom¬ 
mended  that  a  conventional  airplane  such  as  the  SMB  also  be  instrumented  and 
flown  along  with  the  airship  in  turbulence.  The  airplane  could  make  passes 
by  the  airship  and  record  in  intervals  as  it  goes  by.  With  this  procedure, 
the  airplane  would  serve  as  an  independent  means  for  checking  the  level  of 
turbulence  and  correlating  the  results  obtained  from  the  airship. 


* 
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1.  Oust®  that  catirs  critical  loading  of  airship  fins  are  about  three  chord 
lengths  long,  using  the  idealized  1  -  cosine  gust  shape.,  Peak  loads 
occur  when  the  fin  has  travelled  between  Ik  and  2  chord  lengths  from 
the  point  where  the  leading  edge  first  strikes  the  gust* 

2.  the  effective  mass  parameter  of  the  airship  fins  is  the  most  significant 
parameter  for  determining  the  response.  The  variation  of  peak  accelera¬ 
tion  response  with  effective  mass  parameter  is  similar  to  the  variation 

»■* 

of  gust  factor  with  airplane  mass  parameter,  except  that  the  responses 
are  much  greater.  The  effective  mass  parameter  could  be  used  as  the 
ba»*s  for  a  gust  design  criterion,  or,  since  airships  are  generally  so 
similar,  one  value  of  gust  factor  could  be  selected  as  applicable  to 
all  cases. 

3.  Design  gust  conditions  should  be  specified  in  combination  with  full  throw 
of  the  control  surface, 

4.  A  flight-tent  program  to  obtain  data  on  gust  loads  would  be  of  value. 

Such  a  program  should  include  measurement  of  accelerations  at  the  tail 
with  an  oscillograph  paper  speed  suitable  for  detecting  gusts  of  about 
three  fin  chords  in  length.  Measurement  of  turbulence  in  the  same 
region  as  the  airship,  using  an  instrumented  conventional  airplane,  would 
provide  a:i  independent  check  of  the  level  of  turbulence. 
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P&ctorinf  first  by  trial  and  arror  to  obtain  tha  r&al  root,  and  than  by 
quadratic  fonaula, 
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This  equation  was  used  to  eowpuie  and  tabulate  valuta  of  A(s)  from  *rO  to  10, 
Computation  of  the  response  to  &  6-half- chord-1  enfth  fust  with  a  peak  velocity 
of  unity  is  based  on  the  integral , 


R(s)  *  r sin£E&  A(s-*r)d<r 
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This  was  solved  by  numerical  integration,  trapeaoid&l  rule,  using 
=  .25,  for  s  =  0  to  8, 

h„,  R  (n)  ^  (•„„  yyxfn.rt) 

an 

wherein  the  first  and  last  terms  are  aero. 


The  procedure  for  accomplishing  this  was  to  list  values  of  Ain)  at  s~  .25 
intervals  in  reverse  order,  starting  with  the  value  of  M»)  at  s  =  B  auud  ending 
with  aero,  the  value  at  8=0,  at  the  bottom  of  the  column.  On  another  sheet, 
successive  values  of  sin  $jf  at  .25  intervals  were  listed  from  r=  0  to  8 
in  a  column  with  zero,  the  value  at  <r  ~  0,  at  the  top.  A  succession  of  sums 
of  products  was  then  made  by  first  placing  the  kin)  sheet  a©  that  the  bottom 
value,  zero,  appeared  alongside  the  top  value,  zero,  of  sinlJP*  Tbss  product 
of  the  two  adjacent  numbers,  zero,  was  recorded.  The  M»}  sheet  was  then 
moved  down  one  number  so  that  A(.25)  appeared  alongside  the  first  value  of 
sin  H  The  r  of  two  products  of  adjacent  numbers  wm  %hm  computed,  which 
was  still  zero.  Again  the  sheet  was  moved  down  to  yield  three  pairs  of  adja¬ 
cent  number s.  Now  the  sum  of  products  gives  a  finite  value.  As  the  sheet  is 
moved  down  for  each  new  summation,  one  additional  product  is  picked  up  until 
23  products  ( excluding  the  two  aero  tens©)  are  involved  at  •  =  6*  Since  this  is 
the  end  of  the  gust,  further  values  of  sin  'If  are  all  aero  a m  23  products 
continue  to  be  involved  for  values  of  HU)  beyond  s*6. 


* 
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EFFECT  OF  «UIT  ACT \ SI  &IHECTIT  0#  MOLL 

®w  total  loads  imposed  m  airship  fins  by  gusts  must  also  include  any  angle 
or  attack  caused  by  the  gust  acting  directly  on  the  hull.  The  method  of 
analysis  fcr  this  condition  is  described  in  this  section. 

It.  i&  noted  (reference  (kH  that  the  lift  on  a  body  of  revolution  at  an  in¬ 
clination  to  the  air  stream  ie  composed  of  a  part  due  to  the  potential  flow 
and  a  part  due  to  the  viscous  drag  of  the  cross- flow  component.  At  large 
angles  of  attack,  the  latter  component  is  by  far  predominant.  Also,  there  is 
some  quest! or  as  to  what  kind  of  potential  flow  pattern  can  develop  over  a 
body  of  revolution  when  the  cross- flow  may  change  from  a  maximum  positive  to 
a  maaaiiajn  negative  value  several  times  over  the  body  length.  Therefore, 
potential  flow  effects  are  neglected,  and  the  forces  on  the  hull  are  calcu¬ 
lated  on  the  basis  of  drag  forces  only,  in  the  following  manner: 


O/J  a  TJ  JIlVijJ-  (vt  — /*")  ■*-!> 


An  alternating  sinusoidal  gust  pattern  was 
assumed,  whose  relation  to  the  1-cosine  gust 
shape  is  shown  at  the  right.  The  fin  response 
to  a  2.5-chord  half  sine  wave  is  essentially 
the  same  as  the  response  to  a  5-chord  1-cosine 
wave  form.  (This  relationship  was  chosen  on 
the  same  basis  as  the  25-chord,  1 -cosine 
gust  shape  was  selected  for  airplanes  as 
equivalent  to  the  former  concept  of  a 
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'’ramp*  gust  shape  that  peaked  in  ten  chord  lengths.  This  point  is  noted 
in  reference  (ah) 

Time  is  sero  at  the  instant  that  the  Z-axis,  moving  with  the  hull,  is  coin¬ 
cident  with  the  beginning  of  the  gust. 

Consider  the  force  acting  on  any  slice  of  the  hull  at  a  distance  x  aft  of  the 
bow.  The  force  on  this  slice  ic  calculated  on  the  basis  of  the  two-dimen¬ 
sional  viscous  flow  about  a  cylinder. 

UJS. 


dF  *• Cjz  f  urf*  (2z)<Jx  (b-2) 


In  this  analysis,  a  value  of  0.5  was  used  for  Cd,  based  on  data  given  in 
reference  C n)  for  the  large  Reynolds'  Humber  applicable  to  airships.  Equa¬ 
tion  (B-l)  gives  the  value  of  w^,  varving  with  time,  that  acts  on  the  slice. 
Assuming  an  elliptical  hull  shape, 

Z«  R[<  -  (x  ~  02]^  !B'3’ 

Assuming  the  hull  c.g.  to  be  at  the  center  of  the  ellipse,  the  moment  due  to 
the  force  acting  on  the  slice  is, 

d M  -  (*.  ~/*')dF  (b-4) 

Combining  equations  (B-l),  (B-2),  (E-3),  and  (B-4 I  gives, 

<M=  (*■'")  C4  r  0  -  d (B-5) 

The  total  moment  acting  at  any  time  depends  on  how  far  the  hull  lias  penetrated 
into  the  gust,  this  distance  feeing^  Vt.  Equation  (B-5)  must  therefore  be  inte¬ 
grated  from  0  to  Vt  to  obtain  the  instantaneous  value  of  total  moment.  Divid¬ 
ing  by  the  moment  of  inertia  gives  the  rotational  acceleration,  from  which 
rotational  displacement  can  be  obtained  by  a  double  integration  over  time. 
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This  integral  can  be  put  in  terms  of  the  dimensionless  parameter  x/a  by 
changing  equation  (B-6)  to: 


All  the  terms  inside  the  integral  are  independent  of  the  geometry  of  the  air¬ 
ship  except  for  the  ratio  a/2. 5c,  which  relates  the  hull  length  to  the  length 
of  gust  critical  for  the  fin.  Typical  values  of  a/e,  the  ratio  of  hull 
length  to  fin  chord,  are: 


ZS2G-1: 

2.84 

^SG-4: 

3.73 

ZPG-2: 

3.72 

ZR-3: 

4.82 

These  values  do  not  cover  too  wide  a  rcnge  tc  prevent  choosing  one  representa¬ 
tive  value  of  a/2. 5c  as  generally  applicable  to  all  airships.  It  must  be 
remembered  that  the  critical  lengths  of  gusts  had.  a  broad  range  {note  Fig¬ 
ure  5}  and  the  one  selected  for  analysis  (represented  here  by  P.5)  was  fairly 
arbitrary.  If  longer  gusts  are  token  in  combination  with  airships  having  a 
higher  value  of  a/c,  the  value  a/2. 5c  -  3/2,5  can  be  considered  reasonably 
applicable  to  all  airships.  Solutions  for  any  airship,  therefore,  can  be 
obtained  by  using  appropriate  values  for  the  constants  outside  the  intergral. 

Solutions  obtained  for  the  ZS2G-1  airship  are  shown  in  Figure  7, 
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